Vietnam and China both are quickly emerging market economies in Asia. China has had an unprecedented economic growth in Asia for the past 30 years. Also, Vietnam's GDP is increasing, but more slowly. However, Vietnam is starting to catch up. Against this background, this article assesses the question what the economic and environmental impacts in Vietnam would be, if the country followed China's development path. Based on econometric analysis, it is shown that currently, Vietnam is lagging behind China in terms of economic growth for 11 years. Although Vietnam and China have a similar primary energy mix in the early 1980s, China is still massively relying on coal, whereas Vietnam starts to develop hydro power in the late 1980s on large scale. Due to a quick growth of per-capita income, per capita emissions in China are already catching up with those of North-European economies such as Denmark, Finland and Germany. The question arises, what if Vietnam followed China's development path. Using econometric models of GDP and CO 2 -emissions, two scenarios for Vietnam are analyzed, a scenario following China's development path and one alternative scenario pursuing the current development patterns until 2050. The results show that the additional impact of following China's economic development path is minor. Vietnam would only have a 0.5% percentage point per annum higher GDP growth. In other words, Vietnam would grow relatively quickly anyway. However, following China's development path also in terms of high CO 2 -emissions per capita, would increase the growth of CO 2 -emissions in Vietnam by 2.3 percentage points per annum and would lead to an increase of CO 2 -emissions in 2050 by 2.6 bn. tons compared with the scenario in which Vietnam sticks to its own development patterns. However, in that case, Vietnam also had a 25% lower per capita income compared with the scenario following China's development path. Here, the people and government in Vietnam have to make a strategic choice.
Introduction
Vietnam and China are quickly growing and emerging market economies with increasing economic welfare in terms of growing disposable per-capita income [1] . The two Asian economies, however, also have to cope with development related problems such as increasing disparities of macro-economic income distribution or negative environmental side effects such as growing local emissions of sulfur dioxide (SO 2 ) or nitrogen oxide (NO x ) as well as growing global greenhouse gas emissions, especially carbon dioxide (CO 2 ). China introduced economic reforms in the late 1970's when Deng Xiaoping got Prime Minister in China [2] [3] . Vietnam initiated its reforms, called "Doimoi" (renovation) a few years later in 1986 with the aim-such as China-of creating a "socialist-oriented market economy" [4] .
Starting from a comparable per capita GDP level, since the late 1980s, China's development has been much quicker than that of Vietnam. Between 1980 and 2013, China's GDP per capita grew by 11.8%, Vietnam only by 7.8% [5] . However, Vietnam is catching up economically. E.g. its trade with Germany-although starting from a low level-has reached the highest growth in Asia [6] .
Against this background, research has been done and published on whether Vietnam could follow China's footsteps and join the group of emerging countries in Asia in a third wave (e.g. [7] ). The divergence in the development in China and Vietnam has been explained by differences in the political economy of development [8] [9] , inter alia, by differences in the governance reforms in China and Vietnam [10] . International linkages to development have been drawn in empirical studies of trade between Vietnam and China (e.g. by ANH-DAO [11] ).
Granger causality between economic growth and CO 2 -emissions has been done on China [12] and on Vietnam [13] . New research had been undertaken on other countries such as Ghana [14] [15] .
Currently, the question, however, is open, whether Vietnam should follow
China's development path or continue its own way of development. This article is focusing on this issue and assesses the empirical difference of the development paths of the two countries and which economic and environmental implications it would have, if Vietnam followed China's development patterns in the future.
In order to answer these questions, an econometric analysis of Vietnam's and China's development paths is undertaken (Section 2), analyzing how many years Vietnam is lagging behind China economically. Based on the results of this analysis, a forecast of Vietnam's GDP, CO 2 -emissions and CO 2 -intensities per capita and GDP is made until 2050, if Vietnam followed China's development path compared with a scenario with autonomous economic development patterns (Section 3). A summary (Section 4) concludes the article.
Econometric Analysis of Vietnam's and China's Development Path
Since the 1960s, sequential regional economic development in Asia is being observed and described as a "flying geese formation" phenomenon of one or more In order to assess, how many years Vietnam is lagging behind China in terms of its economic development, a simple regression of GDP per capita in Vietnam (GDP_POP_VN t ) on GDP per capita in China (GDP_POP_CH t−n ) for different time lags (L n = t − n) is performed using an ordinary least squares (OLS) estimator. Applying this model, it will be assessed which time lag of per-capita GDP 8000   10000   12000   14000   1980  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013 Vietnam -GDP/capita (US$ PPP) China -GDP/capita (US$ PPP)
in China fits to the current time series of per-capita GDP in Vietnam between 1993 and 2013. A simple assessment, when the two countries had the same per-capita GDP does not take into account the deviations in the development paths over time. Thus, the logarithmic model employed here is:
In the model, ε t represents the error term and C a constant. Before being able to run the model, however, the question of stationarity of the two time series has to be addressed. Estimating OLS including variables which follow a random walk may yield spurious results, i.e. the regressions present a relationship between these variables which in reality does not exist [20] . In order to assess the exis- .
In order to assess how many years Vietnam is lagging behind China in terms of its economic development patterns, the Model 1 above is run for of ln(GD-P_POP_VN t ) and different lags (n = 0 -13) of ln(GDP_POP_CH t−n ). Table 1 shows that China's per capita GDP is integrated of order 1 [I (1)] for all lags (n = 0 -13). log ( in China is about 5 percentage points higher than in Vietnam (Table 3 ).
Vietnam's industry is more light-industry driven (food processing, garments, shoes, mobile phones etc.) [25] , compared to China being the world leader in gross value of industrial output for many energy-intensive heavy industry products such as iron and steel, cement, aluminum etc. [26] . 1980  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013 Vietnam -CO2/GDP (t/1000 US$ PPP) China -CO2/GDP (t/1000 US$ PPP) CO 2 (Table 4 ).
In 2013, in Vietnam, the share of zero-carbon intensive hydro energy in total primary energy supply was 22.5%, much more compared to 7.2% in China. The share of oil and gas, which are less carbon intensive than coal, is also much higher in Vietnam (oil: 32.1%, gas: 16.1%) compared to China (oil: 18.2%, gas:
5.1%). The high share of gas in Vietnam is even more astonishing as it has only started to be used large scale since 2010.
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GDP_VN_NOT t is Vietnam's GDP at a given time t, INVEST_VN t is the share of investments in total GDP and ε t is the error term. GDP_VN_NOT t−1 represents the inertia in GDP development as based on long-term investment cycles, the macro-economic capital stock does not change completely from year to year [12] . The resulting GDP growth rate for Vietnam is 6.8% p.a. Table 5 shows the estimated coefficients and t-values of the model.
The estimates of the logarithmic lagged GDP (ln(GDP_VN_NOT t−1 )) is significant at the 1% level, the logarithmic share of investments (ln(INVEST_VN t )) is significant at the 5% level. All variables are stationary or integrated of order 0 [I (0)] on the 10% level. Source: Own calculations based on data from [5] .
Estimating and forecasting primary energy, based on the exogenous resp. retrieved GDP per capita paths (GDP_VN t /POP_VN t resp. GDP_VN_NOT t , /PO- The coefficient estimates for the logarithmic GDP per capita and the dummy variable are all significant on the 1% level. GDP per capita is integrated of the order 1 (I (1)) on the 1% level.
Vietnam's CO 2 -emissions (CO 2 _VN_NOT t ) are estimated and forecasted in the following logarithmic model (Equation (4)):
GDP_VN_NOT t /POP_VN t is GDP per capita not taking China's development path, DOIMOI t is a dummy variable being 0 for the years before the economic reforms in 1986 (Doimoi) and 1 taking into account potential increases of per capita income in the post-reform period. ε t is the error term. Table 9 gives an overview of the estimated coefficients and t-values of CO 2 -emission model in Vietnam not following China's development path. The coefficient estimates for the logarithmic GDP per capita, the dummy variable DOIMOI and the constant are all significant on the 1% level. All variables are integrated of the order 1 (I (1)) on the 1% level.
Primary energy supply and CO 2 -emissions in China are modelled in a similar way employing the following logarithmic functions:
γ·ln TEMPA_CH δ·D100 ζ·D113 ε
0 ζ·D101 ε .
PES_CH t is the primary energy supply in China at a given time t, C is a constant, GDP_CH t the Chinese GDP in purchasing power parities, POP_CH (1)) on the 5% level, expect TEMPA_CH t being I (1) on the 1% level. Table 10 shows the coefficients and t-values of primary energy demand model in China.
The coefficient estimates for GDP per capita (ln(GDP_CH t /POP_CH t )) and the constant (C) are all significant on the 1%, the coefficient estimates for the temperature anomaly (TEMP_CH) is significant on the 10% level, the coefficients of Based on these results, Vietnam is able to choose for a considerable environmental advantage of saving about 2.6 billion t of CO 2 in 2050 compared to following China's development path, but to the cost of about 19,000 US$ PPP or a 25% lower per capita income compared to a China-like economic growth (72,298 US$ PPP). Finally to decide which path to pursue is the task of the Vietnamese people and government. Comparing CO 2 -intensity of GDP in Vietnam and China shows that China's CO 2 -intensity is higher than Vietnam's due to a higher share of (carbon-intensive) industry such as iron and steel, cement or aluminum. However, China realizes considerable gains in energy efficiency so that the intensities in China and Vietnam are converging. The comparatively high CO 2 -intensity of GDP in China, however, is also due to its high share of coal in primary energy supply. In China, 
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